Two exercise tests were performed with an intervening rest period of 45 minutes in a group of 13 subjects with previously identified exercise-induced ventricular arrhythmias and no resting arrhythmias. Both normal subjects and patients with heart disease were included in the group. The level of stress was equal in both tests as judged by similar rate-pressure products at peak exercise.
SUMMARY Two exercise tests were performed with an intervening rest period of 45 minutes in a group of 13 subjects with previously identified exercise-induced ventricular arrhythmias and no resting arrhythmias. Both normal subjects and patients with heart disease were included in the group. The level of stress was equal in both tests as judged by similar rate-pressure products at peak exercise.
There was a significant decrease (P < 0.05) in the number of VPCs induced by exercise during and after the second test. When the number of VPCs on test I and test II in the same patients were compared, a regression line fitted the data well (r = 0.92). Analysis of the VENTRICULAR ECTOPIC ACTIVITY may be precipitated by exercise in a small percentage of normal individuals and in a higher percentage of patients with organic heart disease.' Previous studies concerning the incidence and reproducibility of this phenomenon have employed testing on two occasions, separated by months or years. In this time frame reproducibility has been shown to be not much better than by chance alone.'`8
As a preliminary to the evaluation of the effect of antiarrhythmic medication on exercise-induced ventricular premature contractions (VPCs), reproducibility was compared using two exercise tests separated by a rest period of 45 minutes. There was a consistent decrease in the number of VPCs on the second test when compared to the first test in each individual. These findings are important in evaluating exercise-induced ventricular irritability.9 10 
Materials and Methods
Patients selected for this study were previously identified as having frequent arrhythmias (more than 10 VPCs) during or after maximal treadmill exercise. There were 13 subjects (11 males and two females) with an average age of 52 years. Eight had cardiac disease and five were clinically free of cardiac disease. The diagnosis of coronary artery disease was established by cardiac catheterization in two patients, by classic ECG and enzyme changes of myocardial infarction in one, and by a positive stress test in one. In two patients it was based solely on clinical grounds. Clinical data are shown in table 1. A resting 12-lead electrocardiogram and a continuous four minute rhythm strip were recorded before the maximal treadmill test. Subjects with ventricular arrhyth-recovery periods revealed significant (P < 0.01) decreases in systolic blood pressure at one and three minutes post exercise, comparing the second to the first test. The underlying mechanism may be decreased myocardial oxygen demand during the second test as the lowered rate-pressure products during recovery (P < 0.01) reflect.
The results of this study indicate that tests of effectiveness of an antiarrhythmic drug should not be based solely on a decrease in the amount or severity of ventricular irritability between two successive exercise tests, one immediately before and the other following administration of the drug. mias at rest were excluded so that all arrhythmias manifest during exercise were clearly exercise-induced.
Exercise Protocol
After obtaining informed consent, patients were monitored for a minimum of 4 min at rest. Patients were then hyperventilated for 45 sec or until symptoms appeared. They then underwent a maximal treadmill test utilizing the Bruce protocol." The electrocardiogram was monitored continuously with an oscilloscope, and direct write-outs were obtained once every three minutes and whenever the physician or technician observed an arrhythmia. A bipolar (CB-5) precordial lead was used, with calibration prior to each test. The electrocardiogram was also continuously recorded on either an Electronics-for-Medicine DR8 recorder at 10 mm/sec paper speed or an American Optical trendscriber. Monitoring was continued for ten minutes into the recovery period, and timing was clearly indicated so that the occurrence of arrhythmias could be subsequently matched with the particular stage of exercise when they first appeared.
Heart rates and blood pressures were recorded at 2 min within each stage of the Bruce protocol. Blood pressure was obtained manually with a sphygmomanometer. The same observer recorded the blood pressure on each test in a given individual.
An anomalous beat was labeled a VPC when its duration was greater than 120 msec, its contour was different from that of the conducted beats, and it was not preceded by an identifiable P wave. Records were analyzed for total number of VPCs occurring during exercise and recovery, and VPCs per 100 heartbeats during these same time periods. Grade of VPCs* was also determined for each period using the classification of Gey et al. 9 After the first test was completed, subjects rested in a sit-*Scoring of arrhythmias by severity: 1 .= single premature atrial or ventricular beat; 2 = two or more premature beats, including bigeminy, fusion or aberrant conduction, or all; 3 -R-on-T phenomenon, coupled premature beats, multifocal ventricular beats; 4 = three or more premature ventricular beats in a row (ventricular tachycardia). ting position for 45 minutes. The protocol was then repeated and each subject exercised for the same duration on each test.
All statistical comparisons of means between test I and test II were based on paired analysis, and all P values were based on two-sided tests.
Results
The responses to the two tests are shown in table 2 including resting, stage I, peak, and recovery (1, 3, and 5 min) heart rates and blood pressures. There were no significant heart rate or blood pressure changes at intermediate stages. In addition, total number and grade of VPCs are shown. When the second test is compared to the first, the following observations were noted. There was an increase in resting heart rate before test II (P < 0.01), but no change in blood pressure at rest or stage I, and there was a significant decrease in the number of VPCs induced by the second test (P < 0.05). The values for each patient are shown in Analysis of the recovery periods revealed a significant (P < 0.01) decrease in systolic blood pressures at one and three minutes post exercise. The recovery heart rates were not different at one minute, but at three minutes the heart rate on the second test remained elevated. This change, however, did not achieve statistical significance. The majority of VPCs occurred in the five minute period spanning peak exercise and the first three minutes of recovery. Heart rates and blood pressures shown in table 2 for peak exercise and one and three minutes of recovery, therefore, reflect the hemodynamics at the time of maximal prevalence of VPCs.
When the number of VPCs on test I and test II in the same patient were compared, a regression line fitted by the least squares method represented the data quite well (fig. 1 ). The equation of this line was (test II) = -.29 + .37 (test I) and the correlation coefficient, r = 0.98 was strong and significantly different (P < 0.01) from zero.
Because one subject had much higher numbers of VPCs on both tests than the other 12 subjects, and may therefore have dominated the fitting of the line, the regression analysis was repeated omitting that subject. This resulting line also fitted the data well. Its equation was (Test II) = -1.90 + 0.43 (Test I) [r = 0.92]. 
NS Discussion
This study assessed the reproducibility of exercise-induced ventricular irritability in two successive exercise tests separated by a 45 minute rest period. The findings of a consistent decrease in the number and grade of severity of VPCs on the second test were surprising and unexpected. Every patient had had at least one treadmill test prior to entrance into this study. Therefore, the observations probably cannot be explained by the efficiency or learning effect of the second test as compared to a first treadmill test. 12 The reproducibility of exercise-induced VPCs on two separate days in individuals is not much better than by chance.e The reproducibility of two successive exercise tests on the same day has not, to our knowledge, been previously evaluated. If consecutive tests are not reproducible, the protocol is not appropriate for evaluating the effectiveness of therapeutic interventions.
There are several possible explanations for the pattern observed. Several authors'3-1' have demonstrated that the hemodynamic response to exercise is influenced by a previous exercise test: a higher resting heart rate, lower mean blood pressure, and decreased stroke volume 30-40 min after a treadmill test have been recorded. In our group of patients, the mean heart rate was higher prior to exercise on test II and the blood pressure was slightly lower. Further, during exercise (stage I), there was no significant difference between heart rates or blood pressure obtained on test I and test II, although the heart rates tended to be slightly higher and blood pressures lower on the second test. There was no significant difference in peak heart rate X blood pressure product, implying similar myocardial oxygen consumption during exercise.
Analysis of the recovery periods revealed a significant decrease in systolic blood pressure (P < 0.01) at one minute and three minutes after exercise. In addition, although peak heart rates were almost identical, the heart rate at three minutes of recovery after the second test was an average of 9 1   19  3  8  2  2  9  2  5  2  3  50  3  15  3   4   88  3  41  3  5  28  3  0  0  6  42  2   5   2   7  9  2  1  2  8  12  2  10  2  9  18  3  8  2  10  5  2  0  0  11   29   2  10  2  12   256  3  92  3  13  17  2  5  2 894 CIRCULATION EXERCISE VENTRICULAR ARRHYTHMIAS/Sheps et al.
beats/min higher than after the first test (P = 0.054). Heart rate X blood pressure products were lower in the recovery period following the second test. The difference was most marked at one minute, (P < 0.01), but persisted through the 3 min-and 5 min periods. These findings were not dependent on the presence or absence of underlying heart disease. The mechanism of production of exercise-induced ventricular irritability is unclear. Two explanations have been proposed: increased sympathetic stimulation causing enhanced ventricular automaticity by increasing phase four depolarization of Purkinje fibers; alteration of conduction properties in ways that favor development of re-entrant tachycardia. 13 Increased sympathetic tone does not seem to be the etiology in our patients. We found less, not more irritability during the second test. Alterations in autonomic nervous system function could be evaluated by repeating the protocol with sympathetic or parasympathetic blocking agents.
Regional myocardial ischemia probably did occur in some of our patients, especially those with positive ischemic changes. However, the decrease in ventricular irritability on the second test was a constant finding unrelated to underlying clinical diagnosis.
The incidence of exercise-induced ventricular irritability has been shown to increase with the level of stress imposed. 3 One mechanism underlying production of VPCs may be increased myocardial oxygen demand (with or without regional myocardial ischemia). If this hypothesis is correct, the decrease in the number of PVCs precipitated by the second exercise test may be explained by a decreased myocardial oxygen demand of the second test, as reflected by lowered heart rate X blood pressure product during recovery. However, although it is well known that systolic pressure and heart rate are major determinants of myocardial oxygen consumption,'9 20 our studies did not measure other important influences such as inotropic state and ventricular size. 21 The reason for the decrease in pressure-rate product is unknown. It may be due to a depression in myocardial function, or primarily due to accumulation of local metabolites causing peripheral vasodilation, or a combination of the two. Further analysis of this phenomenon awaits more sophisticated studies of myocardial function during and after exercise.
Regardless of etiology, the consistent and predictable decrease in the number of VPCs during the second of two successive exercise tests is an important finding. The regression equation may be used to predict the number of VPCs which might be expected on the second test and thus be used to derive an adjustment factor, but we would caution against its use until more patients are studied in this manner.
The implications of this finding are straightforward. One cannot assess the effectiveness of an antiarrhythmic drug based solely on a decrease in the amount or severity of ven-tricular irritability between two successive exercise tests, one immediately before and the other following the administration of the drug. This is not to imply that exercise testing cannot be used for the purpose of evaluating antiarrhythmic efficacy, but our findings show that this particular protocol design is a poor one.
